Effect of zinc and iron interaction on their distribution was examined in two wheat genotypes (UP262 and UP2628) under foliar application of 0, 0. ) was recorded at 0.5%ZnSO 4 +0%FeSO 4 while that of UP262 (2.63 g pot -1
INTRODUCTION
Humans require at least 49 nutrients to meet their metabolic requirements (Prakash et al., 2016) . Inadequate consumption of even a single of these nutrient results in adverse metabolic disturbances such as sickness, poor health, impaired development in children, etc. (Welch and Graham, 2004) . Populations residing in developing countries consume cereals as primary food components. Poor grain nutritive value of cereals is an important reason for widespread micronutrient malnutrition among populations eating rice as a staple food (Chandel et al., 2010) . Besides, the plant-derived food contains a wide variety of minerals that may have beneficial or detrimental effects on human health and well being. Of the 17 micronutrients, the deficiencies of iron (Fe) and zinc (Zn) alone in human foods affect a large proportion of the world's population (Shahzad et al., 2014) . The key reasons for human mineral malnutrition are the relatively low content of Fe and Zn in plant based foods in combination with the abundance of antinutrient compounds that severely reduce their bioavailability (Ghandilyan et al., 2006) . The main soil factors responsible for causing micronutrients deficiency in staple food crops are low content of nutrient itself, soil pH, high content of calcite, a high concentration of bicarbonate ions and salts, high level of available phosphorus and interaction with another nutrient element (Mathpal et al., 2015) . The critical value of Zn to occur its deficiency in soil was found in the range of 0.6 ppm to 2.0 ppm depending upon extraction method (Singh et al., 2005) while for Fe it was reported 3.4 mg kg -1 (Elgala et al., 2008) . Interactions among micronutrients affect their uptake, distribution, and utilization in plants (Imtiaz et al., 2003) . Many studies have examined these interactive effects, especially between Fe and Zn. These studies showed antagonism between Fe and Zn in soybean (Sliman, 1990) . Other studies reported that Fe reduces Mn concentration in Indian mustard (Hamlin et al., 2008) and in soybean leaves (Izaguirre-Mayoral et al., 2005) , but increases Mn concentration in soybean shoots (Heenan and Campbell, 1983) . Other studies reported a negative correlation between Zn and Cu (Kumar et al., 2009 ) and a negative correlation was reported between Zn and Fe in wheat (Ai-Qing et al., 2011) . As cereals are the major food source for humans, therefore an attempt has been made through present investigation to evaluate the translocation pattern and accumulation of 65 wheat genotypes. At maturity (115-120 days after sowing), the plants were harvested, and the aerial parts of the plant were partitioned into leaves, stem and grains. Plant samples were washed with tap water, 0.1N HCl and subsequently with distilled water to remove the surface contamination. Then the samples were dried, and 1g of each plant part was digested in di-acid (HNO 3 : HClO 4 in 10:4 v/v) (Pirzadeh et al., 2010) and final volume was made upto 14 ml with double distilled water. Two ml aliquot of the digested sample was used to assay activities of 65 Zn and 59 Fe on gamma ray spectrometer with NaI crystal (model GRS 101P). Activity was expressed as cpm g -1 dry weight of plant sample. After recording the activities final volume of this two ml aliquot was made 10 ml and concentration of Zn and Fe was recorded in grains by atomic absorption spectrophotometer (AAS, ECIL, Hyderabad India). The experiment was carried out in three factorial completely randomized design and statistical analysis of all the parameters was done by using analysis of variance (ANOVA) using SPSS 16 (Bristol, UK). The means were tested at the P≤0.05 level of significance. 0Z n, 0F e 0Z n, 0. 5F e 0Z n, 1F e 0. 25 Z n, 0F e 0. 25 Z n, 0. 5F e 0. 25 Z n, 1F e 0. 5Z n, 0F e 0. 5Z n, 0. 5F e 0. 5Z n, 1F e unexpected results were recorded, where the application of 0.5% ferrous sulphate increased the 65 Zn accumulation by 1.4% while a further reduction of 6.9% was found by the application of 1.0% level of ferrous sulphate. The interaction effect of variety × Zn × Fe influenced the accumulation of 65 Zn in leaves and stem significantly however no significant effect was observed in the grains. Similarly, foliarly applied solutions of 0.25% and 0.5% Zn sulphate at 0.5% ferrous sulphate solution increased the accumulation of 65 Zn in leaves and grains while a slight reduction was recorded in stem. Foliar spray of 0.25% and 0.5% Zn sulphate solution at 1.0% ferrous sulphate enhanced the accumulation of 65 Zn in all the plant parts of UP2628 but in UP262 these were found effective in improving the 65 Zn in stem only. Accumulation of 59 Fe in leaves, stem and grain of both wheat varieties was significantly affected by different ferrous sulphate levels (Table 2) . Regarding the variety, UP2628 accumulated higher 59 Fe (6.5% in leaf, 7.5% in the stem and 16% in grain) as compared to UP262. The accumulation of 59 Fe increased with the increase in Fe concentration from 0.5% to 1.0% ferrous sulphate by 5.2 percent in the stem, by 3.9 percent in grains for both the varieties except in the leaves where the accumulation was reduced at 1.0% ferrous sulphate solution as compared to 0.5% ferrous sulphate. However, the main effect of Zn levels was found to be statistically non-significant on 59 Fe accumulation. The interaction effect of variety × Zn × Fe significantly influenced the 59 Fe accumulation in stem while the effect was statistically not significant in leaves and grains of both the varieties. After comparing both the varieties under all the levels of Zn and Fe, it was depicted that at 0% level of zinc sulphate, foliar spray of 0.5% and 1.0% ferrous sulphate solution increased the accumulation of 59 Fe in all the plant parts except in leaves of UP262. Similarly, at 0.25% zinc sulphate solution the foliar application of 0.5% and 1.0% ferrous sulphate solution increased the 59 Fe accumulation in all the plant parts except in leaves of UP262. The foliar application of 0.5% and 1.0% ferrous sulphate at 0.5% zinc sulphate level solution enhanced the accumulation of 59 Fe in stem and grains but reduced in the leaves of both the varieties. The results clearly indicated that UP2628 accumulated higher Zn in all the plant parts in comparison to UP262. Therefore, it could be concluded that variety Fe in all the plant parts as compared to UP262. The accumulation of Fe was increased with increasing levels of ferrous sulphate in all the plant parts except that in leaves of UP262. The increasing levels of zinc sulphate reduced the 59 Fe accumulation in leaves, stem and grains of both wheat varieties except in the stem of UP262. The reduced accumulation of 59 Fe in different plant parts under varying levels of Zn and vice versa might be due to the antagonistic interaction between both the elements at the uptake site and along the long distance transport (Alloway, 2008) . It was reported that application of 8 mg Fe kg -1 soil decreased the uptake of Zn by 31.9% in wheat in comparison to its no application (Ghasemi-Fasaei and Ronaghi, 2008) . Similarly, it was also shown by (Ai-Qing et al., 2011) that an increase in Fe supply from 0 ppm to 5 ppm reduced the Zn content in stem and leaves of wheat plant by a factor of one-fifth to two-fifths while a reduction in Fe accumulation in different plant parts of wheat was also recorded with the application of 10 ppm of Zn as compared to 0 ppm. High concentration of Fe in soil was also found to reduce uptake and translocation of Zn in different crop plants (Das, 2014) . Likewise, above mentioned results also find support of the study done by (Chilian et al., 2015) , who reported that increasing levels of Zn were also found to reduce accumulation of Fe in different plant parts of corn. Grain yield and straw yield: The main effect of zinc levels and interaction effect of variety × iron on grain yield was found to be statistically significant (Table 3) . The foliar application of 0.25% and 0.5% zinc sulphate solution increased the mean grain yield of both the wheat varieties by 1.7 and 4.9 percent over no application of zinc sulphate respectively. The application of 0.5% and 1.0% ferrous sulphate solution increased the grain yield by 0.92 and 11.5 percent in UP262 while in UP2628, 0.5% level of ferrous sulphate increased the grain yield by 2.5 percent but at higher level (1.0%) of ferrous sulphate a reduction of 1.7 percent was observed as compared to no application of ferrous sulphate. Overall, the maximum (2.70 g pot -1 ) grain yield was recorded at 0.5%Zn+0%Fe for UP2628 while the minimum (1.86 g pot -1
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) was also recorded for UP2628 at 0%Zn+0%Fe. Zinc and iron significantly affect the straw yield of both wheat varieties ( mean straw yield of wheat varieties by 4.5 and 4.9 percent respectively over no application of zinc sulphate. Similarly, the foliar application of 0.5% and 1.0% ferrous sulphate solution also increased the straw yield by 10.0 and 19.6 percent as compared to no application of ferrous sulphate solution, respectively. In general, the highest straw yield was recorded in UP262 under 0.5%Zn+0.5% Fe levels of zinc and iron whereas the lowest was also recorded in UP262 at 0%Zn+0%Fe level. Statistical analysis revealed the main effect of variety and interaction effect of variety × zinc × iron had no significant effect on straw yield of both the wheat varieties. An increase in zinc and iron levels increased the mean grain yield of both the wheat varieties. Regarding straw yield, both the varieties responded well under foliar application of zinc and iron but UP262, a zinc inefficient variety produced more straw yield as compared to UP2628, a zinc efficient variety. A better response regarding grain yield of wheat was reported when zinc and iron were applied in combination as compared to the individual application of each (Habib, 2009) . Similar results have been also reported by (Seilsepour, 2007) and (El-Majid et al., 2000) . Seilsepour (2007) found that the mean grain yield of wheat was found to be enhanced by combined application of zinc and iron in comparison to their individual use (317 mg kg -1 iron and 330 mg kg -1 zinc). Zn and Fe content in grains: Zinc levels significantly affect the grain Zn content of both the varieties (Fig 1) . The mean Zn content of both the varieties increased with increasing Zn levels. The foliar spray of 0.25% and 0.5% zinc sulphate solution increased the mean Zn content by 2.7 and 10.5 percent as compared to 0 level of zinc sulphate. The application of 0.5% and 1.0% ferrous sulphate solution decreased the mean Zn content by 5.5 and 7.9 percent, respectively in comparison to no application of ferrous sulphate. The main effect of Fe, variety and the interaction effect (variety × Zn × Fe) were found statistically non significant regarding their influence on grain Zn content. Overall, the maximum (44.1 µg g -1 ) Zn content was recorded at 0% Fe+0.5% Zn in UP2628 whereas the minimum (35.0 µg g -1 ) was also recorded in variety UP2628 at 0% Zn+1.0% Fe. Zinc and Fe levels significantly affect the Fe content in grains of both contrasting wheat genotypes (Fig 2) . Both the varieties were significantly different from each other with respect to Fe content in their grains. The mean Fe content of both the varieties increased with increasing Fe levels. The foliar application of 0.5% and 1.0% ferrous sulphate solution increased the Fe content by 14.7 and 29.6 % as compared to without application of ferrous sulphate, respectively. The interaction effect of variety × Zn × Fe influenced Fe content in grains significantly. The foliar application of 0.25% and 0.5% zinc sulphate solutions at 0% ferrous sulphate decreased the Fe content by 0.6% and 11.6% in UP2628 and by 9.9% and 23.8% in UP262, respectively. Similarly, at 0.5% ferrous sulphate, the foliar spray of 0.25% and 0.5% zinc sulphate solution reduced the Fe content in UP2628 by 8.8 and 23.1% while in UP262 the percent reduction was 3.3 and 20.3%, respectively. At 1.0% ferrous sulphate level, a reduction of 6.8 and 19.4% was recorded in UP2628 by the foliar application of 0.25% and 0.5% zinc sulphate solution respectively, whereas in UP262 the reduction of 0.2 and 2.5% was found. Overall, the highest Fe content was recorded in both the varieties at a combination of 0% Zn+1.0% Fe while the minimum was recorded under the combination of 0% Zn+0.5% Fe for both the varieties. The data on the Zn content depicted that grain Zn conBhupendra Mathpal et al. / J. Appl. & Nat. Sci. 10 (1): 448 -453 (2018) tent of both the varieties increased with increasing (0% to 0.5%) Zn levels and whatever the reduction in Zn content was recorded most probably due to increased (0% to 1.0%) levels of Fe in both the varieties. Similarly, increasing Zn levels decreased the Fe content in grains of both the wheat varieties. Antagonistic interaction of Zn and Fe was revealed by three mechanisms like a competition between Zn and Fe with each other for the active site, interference in the process of chelation during Fe uptake and translocation and competition between both the micronutrient during xylem unloading (Ai-Qing et al., 2011) . We found the support of (Ghasemi-Fasaei and Ronaghi, 2008) , who revealed that soil application of 8 mg Fe kg -1 soil decreased the mean uptake of Zn by 31.9 % in two wheat genotypes in comparison to its zero application. It was also reported that high concentration of Fe in the medium hampered availability and uptake of Zn (Das, 2014) . A reduction in Fe concentration in different plant parts under increasing regimes of Zn was also reported by (Chilian et al., 2015) .
Conclusion
An unambiguous antagonism between Zn and Fe distribution was observed in both contrasting wheat genotypes but UP2628, a Zn efficient variety, exhibited better uptake and translocation efficiency, thus accumulated higher Zn and Fe as compared to UP262. Irrespective of varietal effect, treatments 0.5% Zn+0% Fe and 0% Zn+1.0% Fe can be used for better availability of Zn & Fe respectively. More Zn efficient varieties can be identified based on their better uptake and translocation efficiencies and can also be incorporated in crop improvement programmes to solve the worldwide problem of micronutrient deficiency.
